I. INTRODUCTION
It is one of the most fundamental problems in hypernuclear physics to extract novel information of Y N interactions through precise calculations for a few-body systems such with the use of various models so far, the relations to the underlying Y N interactions are dependent on the adopted models [1, 2, 4] . In order to explore the features of the Y N interactions, it is highly required to perform four-body calculation without any restriction in the configuration space. An especially interesting issue in this relation is to make clear the role of Λ-Σ conversion and to get a reliable estimate of the amount of the virtual Σ-component in Λ hypernuclei.
However, the ΛN-ΣN coupling terms of the Y N one-boson-exchange (OBE) models proposed so far have a lot of ambiguity due to scarce information from the Y N scattering experiments. Recently, a series of the realistic Y N interaction models called NSC97a∼f [5] have been proposed in which the spin-spin strengths are varied within the acceptable range in view of the limited Y N scattering data. Correspondingly, by including the ΛN-ΣN coupling explicitly, Miyagawa et al. [6] performed the Faddeev calculations for 3 Λ H extensively to test these OBE potential models in this lightest system. They found that the ΛN-ΣN coupling is crucial to get the bound state of 3 He( 3 H)+Λ/Σ which was adopted originally by Dalitz and Downs [7] , and then carried out the four-body coupled-channel calculation with the separable potentials of central nature [2] . J. Carlson tried to perform four-body calclation of these hypernuclei with NSC89 model by using Variational Monte Carlo method [3] and calculated the binding energies with statistical errors of 100 keV. Akaishi et al. [4] recently analyzed the role of the ΛN-ΣN coupling for the 0 + -1 + splitting also in the framework of the coupled two-body model of 3 He+Λ/Σ. Now our concern is to perform precise four-body calculations of NNNΛ and NNNΣ irrespectively of any model assumptions.
It should be noted that, when one goes from 3 Λ H to the A = 4 strange systems by allowing the Λ-Σ conversion, the computational difficulty increases tremendously. Recently we have successfully performed the extensive four-body calculations without any restriction on the configuration space: Both the NNNΛ and NNNΣ channels have been incorporated explicitly and all the rearrangement channels of these baryons are taken into account. The variational method with the use of Jacobian-coordinate Gaussian-basis functions [8, 9 ] is adopted here; it has been proved to provide us with precise computational results for fewbody systems [8] [9] [10] [11] [12] .
The main purpose of this work is, first, to solve four-body problem of 
II. METHOD AND INTERACTIONS
As the first step before going to the use of sophisticated OBE models, we employ here the ΛN-ΣN coupled Y N potential with central, spin-orbit and tensor terms [13] which simulates the scattering phase shifts given by NSC97f. The potentials parameters for central, spinorbit and tensor terms are listed in Table I .
The main reason of using this simulated version of NSC97f is to focus our attention clearly on the physical ingredients as well as for computational tractability. In this relation, our most important criterion for selecting the Y N interaction is that the observed binding energy of MeV). As for the NN interaction, we employ the AV8 potential [14] . We shall, however, examine how the choice of the NN potential affect the Λ binding energy; we additionally take the Bonn A potential [15] and the Minnesota potential (central force only) [16] and investigate the role of the tensor term of NN potential.
The total four-body wavefunction is described as a sum of the amplitudes of all the rearrangement channels (c = 1 − 4) of Fig. 1 in the LS coupling scheme:
where the spatial part is expressed, with a set of quantum numbers α = {nl, NL, K, νλ}, by
Here, A is the three-nucleon antisymmetrization operator and χ's and η's are the spin and isospin functions, respectively, with the isospin
where the Gaussian range parameters are chosen to lie in a geometrical progression (r n = r 1 a n−1 ; n = 1 ∼ n max ), and similarly for ψ N L (R) and ξ νλ (ρ). These basis functions were verified to be suited for describing both the short-range correlations and the long-range tail behaviour of few-body systems [8] [9] [10] [11] .
Eigenenergies of the Hamiltonian and coefficients C's are determined by the Rayleigh-Ritz variational method. The angular momentum space of l, L, λ ≤ 2 is found to be enough to get sufficient convergence of the calculated results mentioned below.
III. RESULTS AND DISCUSSION
All the calculations have been performed both for As listed in Table III Table I .
Furthermore, we notice that the Λ particle is located much outside the core nucleons (seer Λ >r N and Fig. 5 ) and therefore the dynamical change of the core nucleus due to the Λ-particle partition is small: The nucleon r.m.s. radius isr N = 1.65 fm which is shrinked by 8 % from the corresponding one,r N = 1.79 fm in 3 He. On the other hand, the Σ hyperon comes close to the nucleons (seer ΣN <r ΛN and Fig. 4 ) and therefore generates a large dynamical contraction of the core nucleus in the NNNΣ-channel space;r N = 1.49 fm is obtained with the Σ-channel amplitude only and the reduction rate amounts to 17 %.
Furthermore, it is interesting to see in Fig. 4 the following feature of the Σ-admixture effect:
In spite of the totally small probability of the Σ-mixing (2 %), the ΣN components at short 
IV. SUMMARY
We have developed the calculational method of four-body bound-state problems so that it becomes possible to make precise four-body calculations of 
